Robotic interfaces combined with virtual reality provide an unparalleled platform for cognition research. Using a combination of design strategy, trend analysis and immersive virtual reality systems, our intent has been to design and build the "ultimate" interactive aesthetic experience. This paper discusses the creative process and the preliminary results of this engineering research.
INTRODUCTION
When coupled with technological advances in virtual reality (VR), robotic interfaces displaying vibrotactile or forcefeedback provide an unparalleled platform for research on human creativity and cognition. Not only do such interfaces enable novel possibilities for creative expression, they provide a "multisensory laboratory" with which to examine the mind. The result is a fully immersive "fantasy medium" within which humans can explore, imagine and learn.
As advances in artificial intelligence and robotics become increasingly sophisticated, human-machine systems become collaborative minds. Our involvement with perceptual robotics indicates that creative expression is central to human memory and learning, and of particular interest for the study of artificial cognition. We have therefore developed we are calling "The Ultimate Aesthetic Experience," a high-impact virtual environment that can be immersively experienced via relatively low-cost interface technologies including stereoscopic projection, 3D audio, robotic feedback and optical tracking. Our intent has been to explore the possible behaviors of and relations to this technological platform while maximizing its emotive potential. Throughout the design process, the specific configuration and behavior of elements of the system has been left intentionally ambiguous such that they may emerge through the process of designing and interacting with it. The system architecture includes numerous parallel computational frameworks that are reactive to interactions between the robot and human with the intent of creating a profound sense of magic and wonder.
An overview of perceptual robotic technology developed by our laboratory is shown in figure 1 . Because implementing new systems of this nature is both time consuming and costly, this project has employed design methodologies to inspire and guide our imaginative process. The design process has included a combination of ethnographic research, trend analysis, drawing, sculpting, computer programming and creative speculation. The basic premise underlying this approach is that the most compelling human experiences will result from interfaces that maximize aesthetic potential. (The word aesthetics, from the Greek aisthetikos, deals with the ability to perceive with our senses impart feelings to others.) Figure 1 . Existing prototypes of perceptual robotic technology developed in our laboratory include, clockwise from lower left: the PERCRO Body Extender, an EEG-controlled robotic exoskeleton for manipulating heavy loads in unstructured environments [1] ; a novel encountered haptic interface for the finger [3] ; the GRAB system, which is easily employed as a general purpose robotic force feedback device [6] ; and Passages [5] , an enactive interface for artistic expression.
SYSTEM DESIGN AND PRELIMINARY FINDINGS
The design process we have used to [4] . Based on these findings, innovative VR experience concepts have been generated, entered into a database, and mapped onto an easy/hard low/high impact matrix. Over 250 refined concepts have been generated so far in response to identified areas of opportunity. The most promising concepts have then been expanded through iterative cycles of ideation, scenario storyboarding ( fig. 2) , synthesis, further brainstorming and software prototyping. Approximately 30 favorite ideas have been selected for prototyping and integration. These comprise 4 basic types: virtual scenes and applications, virtual features, environment aesthetics, and interface hardware. Our main emphasis has been to program each of the ideas in the first three categories using a VR system capable of realizing the majority of virtual concepts. In the future more elaborate interface systems may also be used-such as exoskeletal or force-feedback robotic devices-but the experience has been designed to function well without them.
The system is installed in a darkened room containing a modified Nintendo Wii vibrotactile wand, immersive 3D virtual environment, audio speakers, optically tracked Infitec glasses and a stereoscopic projection screen. The environment is programmed in XVR (eXtreme VR), a C++-based scripting language designed for mechatronic device integration, highspeed graphics and online network rendering [2] (the projected stereo environment runs within Internet Explorer). MatLab software is also used to drive certain virtual computations (i.e., those requiring the use of artificial neural networks).
The software architecture of the system is designed to create a smoothly transitioning "intelligent landscape" that reacts to user activity in beautiful, shocking, and unexpected ways. As the user creatively experiences and interacts with the environment using a vibrotactile wand ( fig. 3 ), his or her activity is interpreted by the system and expressed as changes in the behavior of the landscape.
Evaluation of the system has been carried out through a series of ongoing interviews conducted with novice users as they have interacted with the system. For users who have never experienced stereoscopic VR systems, the simple thrill of being allowed to walk through even the most basic landscape has proven to be a powerful sensation. Relative to these static/realistic scenarios, however, the abstract, evolving, and interactive scenery of The Ultimate Aesthetic Experience clearly provides an improved sense of curiosity and motivation to explore aspects of the world. Interactive features of the interface allowing direct user creativity have been especially enjoyed by the majority of users. To summarize, The Ultimate Aesthetic Experience has been designed to be stimulating, provocative, adaptive, exciting and fun. Although the fully realized experimental platform we envision is still in early development, in this regard the demo has been extremely successful so far. 
